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Introduction

SUMMARY

Aims: A systematic literature review comparing the efficacy of ephedrine and phenyleph-
rine for the management of spinal anesthesia—induced hypotension during Cesarean sec-
tions (C-sections) was published in 2002. A number of well-designed trials with
controversial results have been published afterward. Therefore, an updated meta-analysis
was necessary. Methods: The MEDLINE, EMBASE, and the Cochrane Library databases
were searched (last search performed on September 26, 2011). Pooled risk ratio (RR) or
standard mean difference (SMD) and their 95% confidence intervals (95% CI) were calcu-
lated for the incidence of intra-operative hypotension or umbilical blood pH values.
Results: A total number of 15 trials and 742 parturients under elective C-sections were
analyzed. When used to prevent hypotension, patients receiving ephedrine and phenyleph-
rine did not differ significantly in the incidence of hypotension (RR = 1.22; 95% CI, 0.83—
1.80), umbilical arterial pH values (SMD = —0.38; 95% CI, —1.67 to 0.92) or venous pH
values (SMD = —0.18; 95% CI, —0.44 to 0.07). And administration routes did not affect the
incidence of hypotension and umbilical blood pH values. When used to treat hypotension,
patients given ephedrine and phenylephrine had comparable incidence of intra-operative
hypotension (RR = 0.79; 95% CI, 0.40-1.56), while parturients receiving phenylephrine
had neonates with higher umbilical arterial pH values (SMD = —1.32; 95% CI, —2.35 to
—0.30) and venous pH values (SMD = —0.79; 95% CI, —1.09 to —0.49) than those given
ephedrine. Conclusion: Prophylactic use of ephedrine and phenylephrine were both effec-
tive in preventing maternal hypotension during C-section under spinal anesthesia; phenyl-
ephrine was superior to ephedrine in treating hypotension, evidenced by higher umbilical
blood pH values.

ephedrine and phenylephrine in 2002. They found that ephedrine
and phenylephrine were both effective for the management of

Spinal anesthesia—induced intra-operative hypotension in C-sec-
tion, a long-time topic of study, still challenges anesthetists.
Maternal intra-operative hypotension can lead to a number of
severe complications for both neonate (decreased uteroplacental
blood flow, fetal acidosis) and parturients (nausea, vomiting, diz-
ziness, and decreased consciousness) [1]. Many interventions,
such as prehydration, vasopressor drugs (ephedrine, phenyleph-
rine), and lower leg compression, have been used to prevent
hypotension. However, none of the above interventions eliminate
the need to treat hypotension [2].

Therefore, vasopressor drugs (ephedrine, phenylephrine) are
often required. Ephedrine has been accepted as the vasopressor of
choice in obstetric anesthesia for many years [1,3]. However, clin-
ical trials found that ephedrine was associated with less satisfying
umbilical pH values compared with phenylephrine [4-6]. Anna
Lee et al. [7] performed a systematic literature review comparing
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hypotension, but phenylephrine was associated with higher neo-
natal umbilical arterial pH values. Additionally, similar results
were reported by other researchers [8,9]and they suggested that
phenylephrine was the preferred vasopressor drug over ephedrine
in managing maternal hypotension.

Recent trials, however, showed that ephedrine was more effec-
tive in the prevention of hypotension [10] and equally effective in
controlling maternal hypotension [11]. Furthermore, prophylactic
use of vasopressor drugs is a more reasonable way to prevent
hypotension, considering its high incidence and severe compli-
cations. The previous systematic review did not perform a spe-
cific analysis of trials according to vasopressor drug regimens.
Thus, we attempt to perform an updated meta-analysis on the
efficacy of ephedrine and phenylephrine in the treatment
and prevention of spinal-induced hypotension during C-sec-
tions. In this meta-analysis, we performed detailed comparisons

CNS Neuroscience & Therapeutics 18 (2012) 591-597 591



Ephedrine Versus Phenylephrine Updated Meta-Analysis

according to the aim of vasopressor drugs administration and
administration routes.

Methods
Searching Strategy

The MEDLINE, EMBASE, and the Cochrane Library electronic
databases were searched using the medical subheading terms or
key words “ephedrine,” “phenylephrine,” “Cesarean section,”
“spinal anesthesia,” “hypotension,” “combined spinal-epidural
anesthesia,” and “randomized controlled trial.” Alternative spell-

” o u

ings were considered when searching. Date of publication and lan-
guages were not limited, and the last search was performed on
September 26, 2011. An expanded references search of including
trials and relative review articles was also performed.

Inclusion Criteria

Randomized controlled trials (RCTs) that compared the efficacy of
ephedrine and phenylephrine for the treatment or prevention of
spinal anesthesia—induced maternal hypotension during elective
C-sections were included. Anesthesia method was limited to
spinal and combined spinal-epidural anesthesia, because epidural
anesthesia was associated with less parturients with necessary to
treat hypotension (RR = 1.23; 95% confidence intervals [95%
CI], 1.00-1.51) [12]. The dose, timing, and other details of vaso-
pressor drugs administration were not limited. Only elective
Cesarean section was allowed, and trials with nonelective C-sec-
tion or including parturients with pregnancy complications or
other severe diseases were excluded.

Data Extraction

Two reviewers (Fuging Lin and Mantang Qiu) selected eligible tri-
als independently and extracted data with a standard data collec-
tion form. Disagreement was resolved through discussion. The
following data were collected: first author name, journal, publish-
ing date, number of parturients, baseline data (age, height,
weight, baseline blood pressure, and heart rate), anesthetic
method, anesthetics, administration regimen of vasopressor (tim-
ing, method, route and dose), hypotension, and umbilical vein
and artery pH values. All data collected were defined according to
the definition chosen by individual trial and the data not stan-
dardized. Vasopressors were given by infusion after a bolus injec-
tion in the trials by Hall [5] and Alahuhta [13], in which the
administration method was classified as infusion. The trials by
Avyorinde [14] and Hall [5] included multiple arms, and we chosen
the arm with a comparable dose to other trials, namely the arm of
phenylephrine intramuscular 4 mg [14] and the arm of ephedrine
1 mg/mL infusion [5].

Assessment of Bias Risk

The quality of eligible trials was assessed using the “risk of bias”
tool according to the Cochrane Handbook V5.0.2. Sequence gen-
eration, allocation concealment, blinding, incomplete data, and
selective reporting were assessed, and based on trial method, each
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of them was graded as “yes,” “no,” or “unclear,” which equates to
“high risk of bias,” “low risk of bias,” and “uncertain of bias,”
respectively. Accordingly, risk of bias of each trial was assessed by
two reviewers (Fuging Lin and Mantang Qiu) independently,
while discrepancies were discussed with the third reviewer
(Quan Li) until consensus was achieved.

Statistical Method

Incidence of maternal hypotension was the primary outcome of
this meta-analysis, and secondary outcomes were umbilical arte-
rial and venous pH values. Pooled RR with 95% CI for the inci-
dence of hypotension and SMD with 95% CI for umbilical blood
pH values were calculated, respectively. A 95% CI was used for
statistical significance test, and a 95% CI without 1 for RR or a
95% CI without 0 for SMD shows significant statistical difference.
A RR <1 indicates that ephedrine is associated with less intra-
operative hypotension, and an SMD < 0 indicates that ephedrine
is associated with lower umbilical blood pH values. The random-
effects model was used in all analyses, because the included stud-
ies were expected to have some heterogeneity. Heterogeneity
across trials was analyzed using the Q-statistic (with a P < 0.10
considered significant heterogeneity) and the I statistic (with an
I? > 50% regarded as significant heterogeneity). Sensitivity analy-
ses were performed to indentify the effect of individual trial and
test the reliability of results. Publication bias was assessed by
means of visual inspection of a funnel plot and quantitative Begg’s
and Egger’s tests (P value < 0.05 considered significant). Trials, in
which vasopressor drugs were used to treat spinal-induced hypo-
tension, were analyzed separately from those with prophylactic
use of vasopressor drugs, namely to prevent hypotension. We also
performed subgroup analysis to explore the effects of confounding
variables: intramuscular injection, intravenous bolus injection,
and intravenous infusion. The data were analyzed using meta-
analysis software Review Manager (RevMan 5.0.2, Cochrane Col-
laboration). Begg’s and Egger’s tests were carried out using STATA
11.1 (College Station, TX, USA).

Results
Characteristics of Eligible Trials

Fifteen trials [4-6,10,11,13-22] and 742 parturients under elec-
tive Cesarean section were analyzed: eight of them were newly
identified [6,10,11,15-18,22] since the previous meta-analysis
[7]. Twenty-two trials with full-text were further checked for
validity, and seven trials [23-29] were excluded because they
included nonelective C-section cases [23,24], did not have avail-
able data [25], contained inappropriate comparison [26-28] (did
not compare the efficacy of ephedrine and phenylephrine on the
management of spinal anesthesia—induced hypotension), or were
conference articles [29] (Figure 1). Parturient selection was
addressed in most trials, and parturients with hypertension,
cardiovascular diseases, and other complications were excluded
by all trials. Spinal anesthesia was performed in 14 trials
[4-6,10,11,13,15-22], and combined epidural spinal anesthesia
was used in Ayorinde BT’s trial [14]. Bupivacaine was the
local anesthetic for spinal anesthesia in all 15 trials. Intravenous
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Figure 1 Flow diagram.

quantitative synthesis
(meta-analysis)

15)

prehydration was adopted in 12 trials [4-6,11,13-16,19-22]. No
intravenous prehydration was given in the trials of Ngan Kee
[18], Dyer [17], and Magalhdes [10]. They started rapid intrave-
nous infusion at intrathecal injection [10,18] or after the appear-
ance of cerebrospinal fluid [17] (details shown in Table S1).

Risk of Bias

The risk of bias assessment in the included trials showed that most
of trials had low risk of bias (shown in Table S1). Because of publi-
cation date, some trials did not clearly address their sequence gen-
eration and concealment clearly. With no access to each trial’s
original protocol, all analyzed clinical trials were considered free
from “selective reporting” bias.

A funnel plot of 9 trials [4-6,10,13-15,18,22] which reported
the number of parturients with hypotension was generated using
Review Manager. The funnel plot was visually asymmetrical,
suggesting the presence of publication bias. Then, quantitative
Egger’s and Begg’s tests were performed to assess the degree of
asymmetry. However, neither Egger’s test (P = 0.059) nor Begg’s
test (P =0.118) showed the evidence of publication bias. The
asymmetry of funnel plot may be due to insufficient number of
trials and different dosages of ephedrine and phenylephrine across
trials. Different bupivacaine regimens may also lead to the asym-
metry of funnel plot, because bupivacaine’s dosage was associated
with the incidence of hypotension [30,31].

Prophylactic Use of Ephedrine and
Phenylephrine

A number of eight trials [5,6,10,11,13,14,18,22] (Table 1) com-
pared prophylactic use of ephedrine and phenylephrine for the
prevention of hypotension. Vasopressor drugs were administrated
by intravenous injection or infusion in 6 trials [5,6,10,11,13,18]
and the other two trials [14,22] adopted intramuscular injections.

© 2012 Blackwell Publishing Ltd

Table 1 Characteristics of trials analyzed

Author Year Number
LaPorta [21] 1995 40
Pierce [20] 1994 26
Gomaa [22] 2003 90
Mahajan [11] 2009 90
Cooper [6] 2002 147
Moran [19] 1991 60
Alahuhta [13] 1992 19
Hall [5] 1994 30
Thomas [4] 1996 40
Ayorinde [14] 2001 108
Ngan Kee [18] 2008 125
Magalhdes [10] 2009 60
Dyer [17] 2009 40
Prakash [16] 2010 60
Adigun [15] 2010 62

Prophylactic ephedrine and phenylephrine were equally effec-
tive for the prevention of hypotension [5,6,10,13,14,18,22]
(RR = 1.09; 95% CI, 0.74-1.60) (Figure 2). In this comparison,
heterogeneity was significant across trials (P = 0.005 and
I? = 67%). Sensitivity analyses indicated that the trial reported by
Magalhdes [10] accounted for the source of heterogeneity, in
which a relatively high dose of ephedrine was administrated.
When this trial was excluded, heterogeneity was acceptable
(P=0.11 and I* = 45%) and the results did not change much
(RR = 1.22; 95% CI, 0.83-1.80), which meant that our results
were stable. A subgroup analysis was performed to explore the
effects of different administration route (intravenous and intra-
muscular) on the incidence of hypotension. The results showed
that incidence of hypotension did not differ significantly with
intravenous administration [5,6,10,13,18] (RR = 1.08; 95% CI,
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Risk ratio Risk ratio
_Study or Subgroup  Weight  M-H, random. 95% CI M-H. random. 95% €1

1.1.1 Intravenous
Alahuhta S {13) 20% 0.8 [0.07, 12.00]
Cooper DW (6) 22.8% 1.42 [1.00, 2.02] il
Hall PA (5) 22.4% 0.85 [0.61, 1.29) i
Magalhdes E (10) 25.2% 0.75 [0.58, 0.97] -
Ngan Kea WO (18) 33% 7.68 [1.04, 56.86]
Subtotal (35% CI) 75.8% 1.08 [0.66, 1.75] >
Total events
Heterogenaity: Tau® = 0.17; Chi? = 17.11, df = 4 (P = 0.002); 1P = 77%
Test for overall effect: Z = 0.31 (P = 0.76)
1.1.2 Intramuscular
Ayorinde BT (14) 15.4% 1.44 [0.75, 2.80] 5
Gomaa GA (22) 8.8% 0.83 [0.28, 2.44] -
Subtotal (95% CI) 24.2% 1.24 [0.71, 2.18] -
Total events
Heterogenaity: Tau? = 0.00; Chi = 0.74, df = 1 (P = 0.38); B = 0%
Test for overall effect: Z = 0.75 (P = 0.45)

Total (35% C1) 100.0% 1.08 [0.74, 1.60] . ) o
Total events . ) . ) Figure 2 Comparison of the incidence of
?:::ngiwlzl T;;‘_g{"&f:";jg-g- df=6(P=0005;F=67% Tt e ; - . hypotension (prophylactic use of vasopressor
or overall effect: Z = 0.44 (P = 0.66) Favours ephedrine  Favours phenylephrine drugs). Phe, phenylephrine; E, ephedrine.
Std. mean difference Std. mean difference
_Study or Subgroup  Weight IV, random. 95% €1 Iy 95% €l
Magalhdes E (10) 49.7%  —1.04 [-1.58, —0.50] —
Mehajan'L{11) S0.5% 0.281-0.23, 0.79) Figure 3 Comparison of umbilical arterial pH
Total (95% CI) 100.0%  —0.38 [-1.67, 0.92] values (intravenous prophylactic use of
Heterogeneity: Tau® = 0.80; Chi* = 12,12, df = 1 (P = 0.0005); P =82% ) 0 2 3 vasopressor drugs). Phe, phenylephrine;

Test for overall effect: Z = 0.57 (P = 0.57) Favours phenylephrine

0.66-1.75) and intramuscular administration [14,22](RR = 1.24;
95% CI, 0.71-2.18).

Opposing Anna Lee’s meta-analysis [7], prophylactic use of
phenylephrine did not result in a higher umbilical arterial pH val-
ues [10,11] (SMD = —0.38; 95% CI, —1.67 to 0.92) (Figure 3) or
venous pH values [10,11,14,22] (SMD = —0.14; 95% CI, —0.50 to
0.21) (Figure 4) than ephedrine. Heterogeneity existed in the
comparison of arterial pH values (P <0.01 and I* = 92%),
because Magalhédes [10] used a high dose of ephedrine. In terms of
administration route, ephedrine and phenylephrine had similar
venous pH values when given intravenously (SMD = —0.14; 95%
CI, —0.50 to 0.21) and intramuscularly (SMD = —0.23; 95%
CI, —0.59 t0 0.14).

Std. mean difference

Favours ephedrine E, ephedrine.

Ephedrine and Phenylephrine for the Treatment
of Hypotension

For the treatment of intra-operative hypotension, intravenous
administration of ephedrine and phenylephrine was used in the
seven analyzed trials [4,14-16,19-21]. Our meta-analysis results
showed that ephedrine and phenylephrine were associated with
similar incidence of maternal hypotension [4,15] (RR = 0.79;
95% CI, 0.40-1.56), but parturients receiving phenylephrine had
neonates with higher umbilical arterial pH values [16,17,19-21]
(SMD = —1.32; 95% CI, —2.35 to —0.30) (Figure 5) and venous
pH values [16,19-21] (SMD = —0.79; 95% CI, —1.09 to —0.49)
(Figure 6) than those given ephedrine. In the comparison of

Std. mean difference

_Study or Subgroup  Weight IV, random, 95% C 1V, random, 95% CI
1.2.1 Intravenous
Magalhies E (10) 25.6% =0.19 [=0.70, 0.31] _—r
Mahajan L (11) 25.7% -0.10 [-0.60, 0.41] ]l EENRR
Subtotal (95% CI) 51.4%  —0.14 [-0.50, 0.21] e
Heterogenaity: Tau® = 0.00; Chi* = 0.07, df = 1 (P = 0.79): I = 0%
Test for overall effect: Z = 0.79 (P = 0.43)
1.2.2 Intramuscular
Ayorinda BT (14) 23.0% =0.28 [-0.81, 0.26] — T
Gomaa GA (22 25.7% =0.18 [-0.69, 0.33 —_—
Subtotal (né%]cu 486%  -0.23 [[—o.sn, a_u.]l —=EEEST—
Heterogenaity: Tau? = 0.00; Chi® = 0.07, df = 1 (P = 0.78); 1 = 0%
Test for overall effect: Z = 1.20 (P = 0.23)
Figure 4 Comparison of umbilical venous pH
Totel [p% _C”' mn.n'ﬁ? 010 [0, 047] . 4 - N £ values (intravenous prophylactic use of
Heterogenaity: Tau® = 0.00; Chi* = 0.24, df = 3 (P = 0.97); 17 = 0% = o5 s 05 H

Tes! for overall effact: £ = 1.40 (P = 0.16)

Tost for subgroup diflorances: ChP = 0.10, df = 1 (P = 0.78), E= gt | Yours Phenylephine
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Std. mean difference Std. mean difference
—Study or Subaroups  Weight IV, random, 95% C| IV, 1 95% €l
Dyer RA (17) 20.3% —0.58 [-1.23, 0.07]
LaPorta RF (21) 203%  -0.87 [-152,-0.21) =
Moran DH {18) 19.0% ~3.95 [-4,84, ~3.06] e
Pierce ET (20) 19.5% —0.85 [-1.44,0.15]
Figure 5 Comparison of umbilical arterial pH Prakash $ (16) il e L e i
values (vasopressor drugs used to treat Total (95% CI) 100.0%  —1.32 [=2.35, —0.30] -
hypotension). Phe, phenylephrine; Hateroganeity: Tau® = 1.24; Chi = 45.40, df = 4 (P < 0.00001); P =81% 1~ 5 3 - i

E, ephedrine.

Test for overall effect: Z = 2.52 (P = 0.01)

Favours phenylaphrine  Fawours ephedring

Std. mean difference Std. mean difference
_Study or Subgroup  Weight V. random.95%Cl  [W.random . 95%Cl

LaPorta RF (21) 22.5% ~0.55 [—1.18, 0.08] — =

Moran DH (19) 3%  -0.99[-1.53, —045] —

Pierca ET (20) 14.9% ~0.38 [—1.16, 0.40] T

2 s ——

Figure 6 Comparison of umbilical venous pH Frakash.5 (10) ik el gt e e
values (vasopressor drugs used to treat Total (95% CI) 100.0%  —0.79 [-1.09, —0.49] E 4
hypotension). Phe, phenylephrine; Heterogeneity: Tau® = 0.00; Chi* =249, df =3 (P =048); F=0% 3 1 o 1 5

E, ephedrine.

arterial pH values, heterogeneity was significant (P < 0.01 and
I? = 91%). Sensitivity analyses showed that Moran’ trial [19] was
responsible for heterogeneity. When Moran’ trial [19]
was excluded, there was no significant heterogeneity (P = 0.94
and I = 0%), and the result was still statistically significant
(SMD = —0.72; 95% CI, —1.03 to —0.40).

Conclusion

This updated meta-analysis showed no significant differences
between ephedrine and phenylephrine in the incidence of hypo-
tension when used to treat spinal-induced intra-operative hypo-
tension during C-sections, although parturients treated with
phenylephrine had neonates with higher umbilical pH value than
those treated with ephedrine. These results were consistent with
the systematic review performed by Anna Lee [7]. However, we
also found that prophylactic use of ephedrine (intravenously or
intramuscularly) was comparable to phenylephrine in the inci-
dence of hypotension and umbilical pH values.

Administration of vasopressor drugs is the main prevention and
treatment strategy of spinal anesthesia-induced hypotension.
Ephedrine, a mixed agonist of « and f adrenoreceptor, maintains
blood pressure predominantly by activating 1 adrenoreceptor
and increasing cardiac output and heart rate [32]. However,
ephedrine is able to cross the placental barrier and causes an
increase in fetal heart rate and an increase in fetal catecholamine
levels, which may mediate an increase in oxygen consumption
and increase in glucose and lactic acid concentrations [5]. Phenyl-
ephrine is a pure «1 adrenergic agonist, which may counteract the
decrease in systemic vascular resistance induced by spinal anes-
thesia [4]. Whether or not ephedrine is superior to phenylephrine
or not has been argued for years. On the basis of the above phar-
macological mechanism, many trials and reviews have concluded
that phenylephrine had the advantage, resulting in higher umbili-
cal pH values [4-9]. They suggested phenylephrine should replace
ephedrine in maintaining maternal hypotension; hence, ephed-
rine fell out of favor as the vasopressor drug of choice for spinal
anesthesia for C-section [4-9].

© 2012 Blackwell Publishing Ltd

Test for overall effect: Z = 5.15 (P < 0.00001)

Favours phenylephrine Favours ephedrine

Pooled results of our meta-analysis showed that prophylactic
use of ephedrine and phenylephrine did not result in significant
differences in the incidence of maternal hypotension. Addition-
ally, we also noted that both intramuscular and intravenous use
of prophylactic ephedrine result in similar umbilical blood pH
values as did phenylephrine. Ephedrine affects umbilical blood
pH values mainly because that it crosses the placenta [21] and has
a direct effect on the fetus. Therefore, prophylactic use of ephed-
rine may allow for a long duration for the fetus to adapt to it. This
may explain why the umbilical pH values were equal when
ephedrine and phenylephrine were administrated prophylacti-
cally, while phenylephrine was associated with higher pH values
when it came to treatment.

In most trials comparing ephedrine and phenylephrine, the
vasopressor drug was given when hypotension occurred. Consid-
ering the high incidence of maternal hypotension and its severe
complications, prophylactic use of vasopressor drugs should be a
more effective and logical approach to maintaining maternal
blood pressure [14]. In addition, prophylactic use of ephedrine
has been proved more effective than control for preventing hypo-
tension but did not improve neonatal outcome [33]. In the trial of
Magalhdes [10], prophylactic intravenous bolus of ephedrine
10 mg or phenylephrine 80 ug was administrated immediately
after the subarachnoid block. This trial showed that ephedrine
had a significant advantage over phenylephrine in the incidence
of hypotension (P < 0.05). On the basis of the above reports and
our findings, we can conclude that prophylactic use of ephedrine
is at least as effective as phenylephrine during spinal anesthesia
for C-section. Additionally, both intravenous and intramuscular
prophylactic administration of vasopressor drugs is effective.

Compared to the previous meta-analysis [7], we performed
more specific analyses according to the purpose of vasopressor
administration regimen (prevention or treatment) and adminis-
tration route (intravenous or intramuscular). Trials with different
routes (intravenous and intramuscular) of administration were
analyzed in subgroup to minimize heterogeneity and to explore
the effect of administration route. A number of trials were pub-
lished long ago without e-mail, so details of trial design, such as
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sequence generation and allocation concealment, were not
described and it was unable to obtain original data. Thus, we did
not compare reactive hypertension and bradycardia, and Apgar
scores were not analyzed either.

Our meta-analysis has some limitations. First, all of the 15 trials
were small in size, which may lead to a small-study effect, in
which reported effects are larger [34]. Furthermore, Anna Lee
estimated that a large RCT of 4638 women would be able to detect
a small risk of fetal acidosis associated with phenylephrine. Thus,
the application of findings of this meta-analysis based on small
studies should be cautious. Secondly, various definitions of hypo-
tension were involved in this meta-analysis. Klohr [35] found 15
different definitions and there was not a widely accept definition
of hypotension in spinal anesthesia for C-section. Thus, the results
of incidence of hypotension may be influenced by bias. As it is
hard to obtain original data from all trials, most of the articles col-
lected data based on the specific definition in each trial and did
not attempt to perform standardization [7,36,37].

In summary, this meta-analysis showed that, during C-section
under spinal anesthesia, phenylephrine was superior to ephed-
rine, resulting in higher umbilical blood pH values when used to
treat hypotension. However, prophylactic use of ephedrine and
phenylephrine was equally effective for the prevention of mater-
nal hypotension when administrated intravenously and intramus-

F-Q. Lin et al.
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